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Automatic Tuning of Hydrogen Masers 
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The problem: 
In the atomic hydrogen maser frequency standard, 
the output frequency is primarily determined by the 
two ground state energy levels in an aggregate of 
hydrogen atoms which radiate energy into a resonant 
cavity. This aggregate of atoms is equivalent to an 
oscillator of extremely high Q in the order of 10. 
Mistuning of the maser rf cavity pulls the output 
frequency by a small amount proportional to the ratio
of the cavity Q to the atomic Q
.
 The proper output 
frequency is obtained when the cavity is at the atomic 
resonant frequency and the problem is automatically 
to maintain the cavity at the proper frequency. 
The solution: 
The Q of the atoms can be changed by varying the 
density of the atoms in the cavity. When the cavity 
is mistuned, the density variation causes a frequency 
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variation proportional to the degree of cavity mis-
tuning. 
How it's done: 
The frequency variations caused by varying the Q of 
the atoms are measured by comparing the maser with 
a reference oscillator. The period of the comparison 
beat frequency is determined by counting, in a reversi-
ble counter, a train of pulses that are gated on and off 
by the zero crossings of the beat. The pulses are 
counted in the plus direction when the atomic density 
is low and in the minus direction when the atomic 
density is high. The residual count that remains in 
the counter register after such an operation is propor-
tional to the difference in the beat periods obtained 
at high and low density and consequently to the ex-
tent of cavity mistuning. The residual count is con-
verted by a digital-to-analog converter to a dc voltage 
that is applied to a varactor diode which corrects the 
frequency of the activity. In the ensuing tuning cycles 
the register of the reversible counter is not reset to 
zero, the cycle repeats, and the tuning continues until 
there is no further change in the tuning register.
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